inhibitor benzotriazole entered the rivers through other pathways. Total pesticide residues 33 amounted to 1550 kg/year. Per capita loads of pharmaceuticals in wastewater were considerably 34 lower than in Europe, but are expected to increase in the near future. As 95% of the river water is 35 diverted to irrigate agricultural soil, the loads of polar organic micropollutants transported with 36 the water might pose a serious threat to food safety and groundwater quality. 37
ABSTRACT. The Haihe River System (HRS) drains the Chinese megacities Beijing and Tianjin, 22 forming a large#scale irrigation system severely impacted by wastewater#borne pollution. The 23 origin, temporal magnitudes and annual mass fluxes of a wide range of pharmaceuticals, 24 household chemicals and pesticides were investigated in the HRS, which drains 70% of the 25 wastewater discharged by 20 million people living in Beijing. Based on Chinese consumption 26 statistics and our initial screening for 268 micropollutants using high#resolution mass 27 spectrometry, 62 compounds were examined in space and time (2009) (2010) . The median 28 concentrations ranged from 3 ng/L for metolachlor to 1100 ng/L for benzotriazole and sucralose. The rapid population growth occurring in megacities, especially in Africa and Asia, places 42 increasing pressure on available surface and groundwater resources (1). Furthermore, wastewater 43 from urban sources is often used for irrigation in regions where water resources are scarce, 44 particularly in developing and emerging countries (2, 3). In water#scarce areas surrounding 45 megacities, this can lead to the installation of large#scale irrigation systems in which urban 46 wastewater constitutes a substantial portion of the water used for the irrigation of adjacent 47 agricultural areas (4#6). 48 Increasing contamination of aquatic systems by polar organic micropollutants is a major 49 problem for aquatic life, as well as for human health, as they are highly mobile and often of 50 toxicological concern (7). Pharmaceuticals and household chemicals, as well as biocides and 51 other classes of organic micropollutants, are being increasingly discharged with wastewater to 52 surface water environments (7, 8) . Several authors document how conventional wastewater 53 treatment often fails to remove polar organic micropollutants (9#12). Hence, polar organic 54 micropollutants have the potential to cause considerable problems in wastewater irrigation 55 systems (13). For example, Muñoz et al. (14) identified pharmaceuticals as a primary 56 environmental risk associated with wastewater irrigation based on a risk assessment completed in 57 Spain. However, risks and behaviors of organic micropollutants in wastewater irrigation are still 58 poorly understood (3). 59 An illustrative example is the Haihe River System (HRS), which connects the megacities of 60 Beijing and Tianjin and is located within the water#scarce area of the North China Plain (NCP). megacity Beijing, water scarcity is particularly problematic due to extensive overuse and 65 pollution of the available water resources (19, 20) . Within Beijing, the groundwater table has 66 dropped locally by up to 100#300 meters, leading to ground subsidence of several meters (21). 67 Recent research showed that the discharge of rivers downstream of Beijing is heavily influenced 68 by wastewater from the megacity (22, 23) . Due to these large loads of wastewater, the river 69 system is oxygen#depleted and highly eutrophic, with toxic levels of nitrite and ammonia being Figure S1 ).
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Two major channels divert the water from the main river to the Chaobaixin River and the
99
Qinglongwan River for irrigation. Daily, weekly or seasonal periodicity was not apparent in the 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Table S5 ). carbendazim, clarithromycin, diclofenac and diuron (see Table S10 ). For carbendazim, the MAC# 209 EQS were exceeded in 29% of the samples. On average, 45 micropollutants were detected per 210 sample, and thus the combined effects of micropollutants should also be considered (44). In 211 addition to the ecotoxicological impact of micropollutants, the aquatic ecosystem of the HRS is 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 13 % " ( In Figure 3 , the wastewater#borne loads of micropollutants at site 9 downstream 216 of Beijing (L WW, 9 ) are compared to loads observed in the river at site 9 (L river,9 ). Whereas the 217 measured load in the river at site 9 (L river,9 ) comprises all upstream inputs from urban and 218 agricultural sources apart from the diverted amount (irrigation and distributaries), the calculated 219 wastewater#borne loads at site 9 (L WW,9 ) incorporate only the amount stemming from the 220 upstream WWTPs, corrected for the withdrawn proportion. L WW,9 and L river,9 were largely 221 comparable for most pharmaceuticals (Figure 3 ; purple color, L WW,9 /L river,9 = 1.1 on average), 
"
Wastewater#borne loads of micropollutants at site 9 downstream of Beijing (L WW,9 ) versus observed loads at site 9 (L river,9 ). Only compounds that were detectable in the wastewater as well as in the river are shown. The large uncertainties for the compounds with low loads are due to concentrations below the LOQs. Where L WW,9 is similar to L river,9 (factor ±2), the wastewater inputs from Beijing explain the observed loads well. If L WW,9 exceeds L river,9 , transformation of the compound in the river is likely. If L WW,9 is smaller than L river,9 , the compound enters the river through additional (non#point) sources. The error bars denote the overall uncertainties (Text S5). Compounds discussed in detail are labeled in the figure. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 15 " ) Mass flow diagrams (kg/year) and concentration time series (ng/L) for climbazole, benzotriazole and atrazine (left panels). Mass flows that are directly based on measured concentrations are printed in bold. The encircled numbers 1, 5 and 9 denote sampling sites for the 14#month time series (right panels), where error bars indicate the uncertainties in the measurements (Text S5). Letters A#D mark the inflows of wastewater from the four main channels: Qing (A), Beixiao (B), Tonghui (C) and Liangshui (D). Loads from wastewater are shown in brown. Additional inputs required to balance the observed loads at sites 5 and 9 are fitted and illustrated in orange. Micropollutant concentrations at the branches of the Chaobaixin and Qinglongwan Rivers were assumed to be identical to concentrations in the main channel, right at the diversions (see Figure 1 ). Beijing was 7% (Table S12 ). This suggests that the compound is stable in aquatic environments. where the first sewers of Beijing enter the river system ( Figure S4 ). 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 18 5 and 6 ( Figure S4 ). There was no seasonality in the benzotriazole concentrations and yet there 298 were considerable fluctuations over the studied time period (Figure 4 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   20 and representative as possible, may lack some locally relevant micropollutants. Hence, the total 346 load may be underestimated. Of the total annual loads of all detected micropollutants, 95% end 347 up on agricultural fields by way of irrigation. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 
